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Abstract: This paper aims at developing an integral model for the evaluation of road-rail intermodal freight 
hub location decisions. The model comprises four dominant agents namely, hub owners or operators; 
transport network infrastructure providers; hub users; and communities. An agent based modelling approach 
is introduced to allow such negotiation to happen in order to achieve a global objective. The paper outlines 
the methodology to be used. It also presents an initial location selection process, a testing with individual 
objective functions, and a design for an agent based model by using a case study of intermodal freight hub 
location decisions in South East Queensland of Australia. 
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1 Introduction 
Intermodal freight transportation is defined as a 
system that carries freight from origin to destination 
using two or more transportation modes. This research 
focuses on road-rail intermodal which is contestable 
with road only options over longer distances. A rail is 
cost-effective for transportation in a long distance and 
with large quantities while road is more flexible in its 
route and accessibility for collection and distribution 
activities for medium to short distances. A 
comprehensive review of intermodal rail-truck freight 
transport literature is given by Bontekoning et al [1]. 
Intermodal freight transportation becomes an 
attractive alternative to road as the latter has no longer 
assured a reliable and sustainable service delivery due 
to  traffic congestion, rising fuel price, and air 
pollution problems. However, the increasing demand 
of intermodal freight transportation has put a new 
challenge on how to provide sufficient infrastructure 
that meets that demand and maintains a satisfactory 
level of services. Intermodal freight hubs are one of 
the key elements that function as transferring points of   
freight from one mode to another. Success of an 
intermodal freight hub depends on four major   factors 
[2], namely: location, efficiency, financial 
sustainability and rail level of service (e.g., price; 
punctuality, reliability or transit time). Among these, 
location of hubs is one of the most crucial success 
factors and needs to be considered carefully as it has  
 
direct and indirect impacts on different stakeholders 
including investors, policy makers, infrastructure 
providers, hub operators, hub users, and the 
community. The work presented in this paper relates 
to making models to support the decision making 
process for choosing a location and realising a new 
freight hub.  
There are a number of operation research studies 
aiming at optimizing intermodal freight hub location 
decisions [3].  However, most of these studies focus on 
maximizing the benefits or minimizing the costs of 
hub owners, operators, and users. Only a few studies 
pay attention to minimizing social costs or 
externalities which are more difficult to be assessed 
in monetary terms. 
In addition, there have been several attempts to 
evaluate intermodal freight hub location decisions by 
using conventional multi-objective evaluation 
models. The conventional methods generally apply a 
weighting factor to each stakeholder in the evaluation 
process. In this method, negotiations among freight 
actors are not allowed and it may eventually result in 
controversy and inequity among the actors. Finally, 
an application of freight modelling and optimization 
of freight hub operation has not been fully integrated 
into freight hub location evaluation so far. 
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This paper aims at developing an agent based 
model for the evaluation of road-rail intermodal 
freight hub location decisions. The model comprises 
four dominant agents namely, hub owners or 
operators; transport network infrastructure providers; 
hub users; and communities.  
An objective function for each agent is developed. 
An agent based modelling approach is introduced to 
allow negotiations between the players to happen so 
that a global objective can be achieved. A case study 
of intermodal freight hub location decisions in South 
East Queensland of Australia is presented in this paper 
as an example application. A traditional approach for 
the initial location selection process and an 
optimization model with individual objective 
functions is presented before a discussion of how the 
agent based modelling could be applied to the 
problem. The traditional approach forms the basis for 
the agent based approach. 
The rest of this paper is organized as follows: 
Section 2 reviews past work done in this field. In 
Section 3 a framework for the evaluation of freight 
hub location decisions is introduced. In Section 4 the 
potential role of agent based models is discussed, 
followed by the conceptual design for an agent based 
model for this case study. Initial results of an example 
application are presented in Section 5. Finally, 
directions for future research and concluding remarks 
are provided in Section 6. 
2 Past Work 
Basic models for hub location decisions are 
classified as the p-median (minisum; i.e. the total 
demand-weighted distance between each demand node 
and the nearest hub is minimized) and p-centre 
(minimax; i.e. the maximum distance between a 
demand node and the nearest hub is minimized) 
problems, where p represents the number of hubs to be 
located. These problems can be solved either by exact 
or heuristic algorithms. The former are used to find the 
exact solutions in the polynomial time. Most of the 
problems, however, cannot be solved in a certain 
polynomial time (i.e., they are NP-hard). Therefore, 
the latter approach is more practical to determine 
approximate solutions (near optimum) in reasonable 
amounts of time. 
Location models can be distinguished not only by 
type of objective function but also by the attitude 
taken towards the choice of location. Fundamentally, 
they fall into three categories, namely: continuous, 
network, and discrete models. The continuous model 
assumes that the facility may be located anywhere in 
the space, whereas the network model considers all the 
potential locations on the transport network. The last 
model is the discrete model where a list of pre-
selected sites is required from which to choose the 
best alternative set. As the candidate sites for the hub 
are in practice provided in certain areas designated for 
public infrastructure development, the discrete model 
are the most likely to be evaluated.   
A number of studies have applied exact 
algorithms techniques and network models to 
determine the optimum number, size, location of 
hubs, and the overall performance of the system [4].  
Some use heuristic techniques to solve NP-hard 
problems [5]. As intermodal freight hub location 
problems deal with multiple actors, multi-objective 
evaluation models are required. They are classified by 
the levels of their complexity [6]. Multi-objective 
evaluation models have been developed to solve the 
intermodal hub location decision problem. Most of 
them apply heuristics techniques, such as fuzzy logic 
and simulated annealing [7, 8]. However, they apply a 
weighting factor to each stakeholder in the evaluation 
process which implies that negotiations among freight 
actors are not allowed. The next section presents a 
multi-objective evaluation model for decision making 
on the location for freight hub. 
3 Towards a New Framework for the 
Evaluation of Freight Hub Locations 
In this section the case study is introduced in more 
detail. First Section 3.1 presents the different players 
and the decisions they have to make. The model is 
introduced in Section 3.2 and discussed in more detail 
in Sections 3.3 and 3.4. 
3.1 The Players and Their Decisions 
The influencing factors on intermodal freight hub 
location decision are classified as direct and indirect 
factors. The former influence those who have direct 
activities with a hub while the latter influence those 
who do not. Once the influencing factors are 
identified, location decisions or objectives, 
constraints and trade off of each player need to be 
clearly defined as they will be used to develop 
individual objective and constraint functions in the 
next stage. The influencing factors and decisions of 
each player are presented in Table 1.  
3.2 Introduction to the Model 
The concept of a multi-objective evaluation model 
for intermodal freight hub location is illustrated in 
Figure 1. Multi-objective evaluation model for 
intermodal freight hub location is an integration of 
two main models, namely, a land use allocation and 
transport network model and a multi-objective 
evaluation model.  
The modelling process begins with an analysis of 
potential hub location sites using a set-covering 
problem [9]. The result is a number of candidate hub 
location scenarios to be used in the next process. 
Each scenario is varied in number, size (capacity), 
and location pattern of the proposed hubs. It is 
screened to remove unlikely options according to 
screening criteria such as the overall capacity of the  
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proposed hubs to accommodate increasing freight 
demand; location pattern of the proposed hubs and 
spatial distribution of freight activities (market; 
factory; freight companies; port; etc.) in the locality. 
Next, the screened options are transmitted to the 
land use allocation and transport network model as 
input data. Hub and network outputs of each option 
are calculated. This output data is then fed into 
individual stakeholders’ objective function in the 
multi-objective evaluation model. The model 
determines if the solution mutually satisfies for 
every player by taking the results of every individual 
objective function into account.  If so, the location 
choices become a final outcome. Otherwise the 
feedback would occur to re-select a new set of 
screened hub location options. The process is 
repeated iteratively until the final solution is 
achieved. The details of the land use allocation and 
transport network model and the multi-objective 
evaluation model are discussed below. 
3.3 Land Use Allocation and Transport 
Network Model 
The land use allocation and transport network 
model facilitates the calculation of network outputs 
of a given set of hub location option. The model is 
an integration of three main components including 
network, demand, and transport policy. The first 
component requires input data of zones, nodes, 
links, connectors, and transport systems. The second 
needs origin-destination matrix of both passenger 
and freight demands. The third requires transport 
policy data such as zonal or temporal truck ban; 
truck routes; etc.  
3.4 Multi-Objective Evaluation Model 
The multi-objective evaluation model determines 
if the hub location option mutually satisfies every 
player. The model is classified into three levels, 
namely operational, tactical and strategic levels. The 
first level deals with the evaluation of individual 
objective functions, the second level deals with 
interaction and negotiation among the players, and 
the third level deals with global objective function 
and policy maker. 
3.4.1 Operational Level 
In this module the objective functions and 
constraints of each stakeholder including hub owner, 
infrastructure provider, hub user, and community are 
developed based on individual objectives and 
criteria as shown in Table 1. The detailed inputs, 
outputs and constraints of the individual 
stakeholders’ objective functions appear in 
Sirikijpanichkul [10]. 
Table 1 Influencing Factors, Decisions, Constraints, and Trade off of the Players 
 
Influencing 
Factors 
Examples Players Decisions or 
Objectives 
Constraints Trade off 
P1: Hub owner 
and operators,  
Minimize total 
cost for hub 
capital and 
operating costs. 
Commercial 
sustainability, 
hub capacity.  
Subsidy Supply: 
Access to ports; 
airports; inland 
container depots, 
Access to railway 
lines and truck 
routes, 
Proximity to clusters 
of potential hub 
P2: Transport 
infrastructure 
providers, 
Minimize total 
capital cost of 
road and rail 
networks. 
  
Direct 
Demands: 
Proximity to 
industries or 
distribution centres, 
Proximity to 
markets, 
Proximity to CBD, 
Total cost and travel 
time from origin to 
destination. 
P3: Hub users. Minimize total 
cost of truck 
transportation on 
road access, user 
hub operating 
cost, and line-
haul rail 
transportation 
cost. 
Tax reduction 
for hub users 
Indirect Local environment, 
traffic and 
economics impacts. 
P4: Local 
resident and 
road users. 
Minimize total 
externality costs 
generated by hub 
activities. 
Economic 
development 
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Figure 1 Concept of Multi-objective Evaluation Model for Intermodal Freight Hub Location 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Notes:               refers to section 3.4, 
                          refers to cost function c1(x) defined in section 3.4.1, 
 g1(x)    refers to objective function g1(x) defined in section 3.4.1. 
Figure 1 (Inset)  
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The simplified form of the objective functions is 
shown below.  
Global Objective Function (G(x)):    
))(),g(),g(),g(G(g)G( xxxxx 4321min =  (1) 
Hub Owners/Operators (g1(x)):   
)(c)(c)(g xxx 211min +=  (2) 
Transport Infrastructure Providers (g2(x)):    
)()()(min 432 xxx ccg +=  (3) 
Hub Users (g3(x)):    
)()()()(min 7653 xxxx cccg ++=  (4) 
Local Residents/Road Users (g4(x)):    
)()()()(min 10984 xxxx cccg ++=   (5) 
Subject to, 
Capacity Constraints:   
xxxxx ,),()()()( tCVSV t
OUT
tt
IN
t ∀≤+=   (6) 
Commercial Sustainability Constraints:     
xxxxx ,),()()()( tMVSV t
OUT
tt
IN
t ∀≤+=  (7) 
where,   
X:  A possible set of candidate intermodal hubs, 
x:   A vector of location choices of candidate 
intermodal hubs, xXx ∀∈ , , 
Under hub location pattern x, 
c1(x):  Total capital cost of new and upgraded hubs, 
c2(x):  Total hub operating cost,   
c3(x):  Total road network capital cost,   
c4(x):  Total rail network capital cost,   
c5(x):  Total truck transportation cost in the road 
network,   
c6(x):  Total user hub operating cost, 
c7(x):  Total line-haul rail transportation cost, 
c8(x):  Total air pollution cost generated from 
intermodal freight transportation, 
c9(x):  Total noise pollution cost generated from 
intermodal freight transportation, 
)(),( xx OUTt
IN
t VV :  Total freight volume transported 
into and out of hub t, 
respectively, tt ∀∈ ,x ,  
)(xtS :  Total volume of freight storage at 
hub t, tt ∀∈ ,x , 
)(),( xx tt MC :  Capacity and threshold freight 
volume for commercial 
sustainability of hub t, 
respectively, tt ∀∈ ,x .   
3.4.2 Tactical and Strategic Levels 
At the tactical level all of the outputs of individual 
objective functions will be determined if the hub 
location option mutually satisfies every actor. At the 
strategic level, a policy maker will assign a global 
freight policy with which every stakeholder in the 
tactical level has to comply. At these two levels an 
agent based model will be developed to investigate 
the effects that negotiation process has upon the 
results [11]. The next section talks about this process in 
more detail.  
4 Agent Based Modelling 
In agent based modelling we develop a model of 
the system by describing it in terms of agents and 
possible relationships between agents. An agent can 
be seen as a software entity that is autonomous, 
reactive, pro-active and capable of social interaction 
[12, 13]. These properties make Agent Based Modelling 
(ABM) very suitable for a bottom-up modelling 
approach in which a system is modelled by making 
models of small parts of the system. System 
behaviour then emerges from the behaviour of the 
components of the model and their interactions. 
The main advantage of building models in such a 
bottom-up approach is that it creates a very flexible 
environment in which different experiments can be 
undertaken. By modelling components rather than the 
entire system the structure of the system is not pre-
defined. Because agents can communicate with other 
agents without having to program the relations 
between them, different networks can be created by 
changing the behavioural rules. In this way different 
options for a transport system, for example, can be 
tested in a simulated environment. This makes the 
ABM approach suitable for the evaluation of 
decisions in the case study discussed in this paper. 
The problem consists of multiple actors with possibly 
conflicting objectives. The actors do not only react to 
their environment, but they have their own goals. 
Furthermore, in their decision making, the actors 
depend on communication with other actors. This 
means the criteria for application of ABM for the 
modelling of such infrastructure decisions are 
satisfied [14]. 
4.1 Socio-Technical Systems in an ABM 
In an ABM a clear distinction between social and 
technical aspects of a system can be made. 
Infrastructures can be considered from both the 
technical and social perspective. The technical 
perspective includes the physical components of the 
infrastructure, not only the links (e.g., roads or rail 
tracks) but also the nodes (e.g., harbours, freight hubs 
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or distribution centres). Also the objects travelling 
through the infrastructure (e.g., trucks and trains) are 
part of the physical reality. The social perspective 
contains the body of human actors, governments, 
companies and the economic environment that own, 
control, use or contain (parts of) the infrastructure. 
In the model, both social (actor) networks and 
physical networks are represented by nodes and links. 
Two layers of the networks are created. Physical links 
(such as a train connection) can only exist between 
physical parts of the network (for example a harbour 
and a freight hub) and never directly between actors. 
On the other hand, social links (such as a contract) can 
only exist between two actors. Relationships like the 
ownership relation connect the two layers of the 
model. Making this clear distinction is important 
because it allows experiments in which the physical 
context of decision making can be changed; while 
keeping the model of decision making the same, or, on 
the other hand, changing decision making of actors 
given a certain physical network. 
4.2 Ontologies 
When two agents communicate about a certain 
concept (such as the transport mode of freight) it is 
vital that both agents give the same interpretation to 
the meaning of the concept. Therefore it is of the 
utmost importance to unambiguously specify each 
concept and its meaning. These concepts are also used 
to model decision making rules. To formalize the 
description of the model and the communication 
between the agents, ontology is used. Ontology is 
defined as a formal specification of concepts [15]. 
After system decomposition, in cooperation with a 
domain expert, ontology can be created [16]. Whenever 
possible, we make use of already existing ontologies 
that have been described in a generic way. More 
specific classes of concepts can be described as sub-
classes of generic concepts. Work in this field, with 
applications in the infrastructure domain, is ongoing 
(see Dam and Lukszo [14] for examples) and various 
applications are already in development. Instances of 
ontology, stored in a knowledge database, can be used 
to initialize the ABM and it provides the data for the 
agents to reason about. 
4.3 Applicability to the Case Study 
Agent based modelling is a suitable approach for 
the case study discussed in this paper. By describing 
both the physical and the social networks, various 
experiments can be undertaken that can support the 
problem owner in evaluating the decisions for the 
location of a new freight hub. Moreover, the same 
framework, as well as parts of the model, can be re-
used to execute different experiments. For example, 
actors or parts of the physical network that were not 
present in a set of experiments can later be included. 
The use of ontologies enable these types of 
experiments by providing an interface between the 
different parts of the model, be it a complete agent or 
a certain decision making rule. The next section 
describes a possible design for the agent based model 
and a setup for experiments. 
4.4 Conceptual Design for the Model  
In this case study three conceptually difficult 
issues have been identified by the authors: 
1. Investments in the infrastructure cause dynamic 
effects  
2. Actors can have conflicting objectives that prevent 
reaching a global optimum 
3. The problem owner cannot enforce other actors to 
make certain decisions 
A successful model has to be able to deal with 
these issues. As discussed before, three steps can be 
identified in the path towards the development of a 
new freight hub in which tools can assist the problem 
owner: 
1. Generating possible solutions  
2. Evaluating solutions  
3. Implementing the most desirable solution 
Generation of possible solutions is the first step, in 
which the possible locations of the new hub are 
identified. This process has already been executed 
(See Section 5) a number of locations are on the 
short-list. The next step is the evaluation of each of 
these solutions and making a decision on which 
location is most desirable. Finally, this solution 
should be implemented. An important aspect of the 
implementation is explaining to the various actors 
why this is the best choice at the system level, even 
when this is perhaps not a local optimum. 
The goal of the agent based model is focused on 
the second and third steps. The model should provide 
a tool for comparing different solutions as well as 
allow experimenting with different parameters (such 
as taxes, financial incentives and land use planning 
rules) that may have an effect on the decision of a hub 
developer to build the hub in a certain location. The 
rest of this section discussed a possible design for the 
agent based model. 
4.4.1 Ontology 
An ontology for the freight hub domain will be 
created, based on an already existing generic 
ontology for other infrastructures. This generic 
ontology has already been applied to and extended for 
the energy domain (distributed generation of 
electricity, trading of CO2 emission right) and 
industrial networks (industry-infrastructure co-
evolution, growth of petrochemical industry clusters). 
The ontology will be extended to incorporate 
concepts about the development of a freight hub. 
Amongst the new addition to the ontology, one can 
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imagine rail commodity, harbour, freight hub, 
distribution centre, but also new properties such as 
Geographical Information System (GIS) locations. 
New actor roles, as identified in the beginning of this 
paper, will form the foundation of the new model. 
These concepts will be incorporated in the existing 
ontology, re-using formalisations that are already 
present.  
4.4.2 Bringing It All Together 
The objective functions described above, as well as 
existing transport prediction models (for example 
those implemented using the VISUM™ package) can 
be included in the ABM approach. These models 
provide a formal foundation for the ABM model and 
provide the agents with a medium for their decision. 
For example, an agent that represents the local 
transport planning agency can run the VISUM™ 
transport model to make certain choices. The data 
from the ABM is input for the traffic model, while the 
result of this run gives new input for the ABM. The 
mathematical utility functions and local optimization 
can be executed by all agents and they can 
communicate the result back to other agents.  
4.4.3 Setup of Experiments 
The ABM needs to be run for each of the identified 
location of the new freight hub (including expansion 
of the existing hub). This is the main parameter of the 
model in the first set of experiments. In each run, the 
model updates itself each time step to include the 
dynamic effects of this choice for a hub location. This 
is done with a time horizon of 20-30 years. Over time, 
the values of the objective functions of all actors in the 
system have to be calculated. This results in a set of 
graphs that show how much the various actors like the 
situation and how their degree of satisfaction changes 
over time as a result of the changes that are caused in 
their environment. This deals with the difficult issue 
of dynamic effects and the possibly conflicting 
objectives of actors. 
Next, experiments can be done with parameters 
that influence the decisions of the actors in the system. 
By playing with a second set of parameters such as tax 
rates or subsidies; and repeating the first experiment 
we can check the influence of these parameters on the 
output graphs. The goal is to change the value of the 
objective function of agents so that they more or less 
agree with each other. This gives the problem owner 
new insight in how to control the environment and 
how to influence actors. This insight can be used to 
create the right conditions for building the freight hub 
in the best location. 
5 An Example Application: Initial 
Results 
This section aims at demonstrating an initial 
analysis of covering problem in integer programming 
(IP) to determine an initial set of candidate sites to be 
used in the multi-objective evaluation model in the 
next stage. A hub user is the only a player to be 
considered at this stage. Hub users’ travel distance, 
travel time, and travel cost are the major inputs to this 
analysis.   
5.1 A Case Study: South East Queensland 
Intermodal Freight Hubs 
The South East Queensland is studying additional 
intermodal freight hubs to support the projected 
growth in the intermodal freight task within the 
geographic area of the study, to a planning horizon of 
2026. Projected interstate freight movements passing 
through intermodal hubs in SEQ are expected to 
increase from between 1 million and 1.4 million 
twenty foot equivalent (TEU) containers per annum 
in 2026. A detailed capacity analysis for the existing 
freight hub is presented in GHD [17]. 
5.2 Initial Analysis 
Set covering is an important class of Integer 
Programming used to determine where a minimum 
number of facilities should be located in order that all 
demand nodes could reach within maximum 
preferable criteria. For details, please see Winston [9]. 
Eight locations are proposed as candidate sites for 
new intermodal freight hubs and eleven potential 
demand nodes to use the hub services are defined in 
Figure 2. A Geographic Information System (GIS) is 
applied to develop an estimated distance matrix 
between potential demand nodes and proposed 
candidate sites. An estimated travel time matrix is 
also calculated using average travel speeds in 
accordance with the road classification and transport 
mode.  
Hub user travel cost function is developed as 
follows: 
ijijijijijij CBTMTSTTTC ×+×+×+×+×= 156496.018.33  (8) 
where, 
i    number of demand node, 
j    number of candidate site of new intermodal 
freight hub, 
TCij hub user travel cost from demand node i to site 
j, 
TTij hub user travel time from demand node i to site 
j, 
Sij hub user travel distance from demand node i to 
site j, 
MTij =  1   if using Logan or Gateway Motorway; 
 =  0   otherwise,       (9) 
BTij =  1   if using Gateway Bridge;  
 =  0   otherwise,  (10) 
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Cij =  1   if passing Inner Brisbane Area;  
 =  0   otherwise, (11) 
Assuming, 
 truck operating cost of 0.96 Australian Dollars per 
vehicle-kilometre [18], 
 value of time of 33.18 Australian Dollars per 
vehicle-hour [18], 
 toll of 4 Australian Dollars per vehicle if using 
Logan or Gateway Motorway with extra 6 
Australian Dollars per vehicle if using Gateway 
Bridge, 
 implicit congestion charge (travel delay cost) of 15 
Australian Dollars if passing Inner Brisbane Area. 
Travel distance, travel time, and estimated travel 
cost matrices between potential demand nodes and 
proposed candidate sites are shown in Table 2. 
The following 0-1 integer variables xi are defined 
where 
xi    =  1   if a hub is built in site number  
0   otherwise (12) 
Then the total number of hubs that are built is 
given by x1 + x2 + x3 + x4 + x5 + x6 + x7 + x8 and the 
objective function is to minimize 
z = x1 + x2 + x3 + x4 + x5 + x6 + x7 + x8 (13) 
It is assumed here that South East Queensland 
needs to ensure that there is a hub within a 
maximum preferable distance of 85 kilometres, 
travel time of 65 minutes, and travel cost of 125 
Australian Dollars of each demand node (overall 
average distance, travel time, and travel cost 
between demand nodes and proposed candidate 
sites, respectively). Table 3 shows the proposed 
sites that meet those criteria. To ensure that there is 
at least one hub within a maximum preferable 
distance, travel time, and travel cost of each 
demand node, the constraint functions are 
developed. For example, to ensure that there is at 
least one hub within 85 kilometres of Caboolture, 
the following constraint is developed:  
x1 + x2 + x3 + x4 + x6 ≥  1                
(Demand Node D constraints)   (14) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2 Candidate Sites for New Intermodal Freight Hubs and Potential Demand Nodes in the Study Area
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Table 2 Travel Distance, Travel Time, and Travel Cost Matrices between Demand Nodes and Proposed 
Candidate Sites 
Candidate Sites Criteria Demand Nodes 
1 2 3 4 5 6 7 8 
Average 
A    Noosa 37 149 153 93 174 155 173 208 143 
B    Buderim 17 107 111 48 133 114 132 167 104 
C    Caloundra 31 105 109 46 130 111 130 164 103 
D    Caboolture 58 62 66 0 87 68 86 121 69 
E    Redcliffe 82 45 45 27 70 52 70 105 62 
F    Gatton 190 84 111 135 107 87 55 134 113 
G    Ipswich 141 33 61 86 57 36 0 83 62 
H    Beaudesert 167 51 81 112 41 48 75 13 74 
I     Gold Coast 180 71 88 125 40 68 95 76 93 
J     Logan 127 13 35 72 20 12 39 59 47 
K    Brisbane 103 15 25 48 40 22 39 74 46 
Tr
av
el
 D
ist
an
ce
 
 (v
eh
ic
le
-k
ilo
m
et
re
s)
 
Average  103 67 80 72 82 70 81 109 85 
A    Noosa 29 112 102 63 118 115 130 151 103 
B    Buderim 18 84 71 35 90 87 102 123 76 
C    Caloundra 27 84 70 34 89 86 101 123 77 
D    Caboolture 42 56 41 0 62 58 73 95 53 
E    Redcliffe 62 48 34 25 53 50 67 87 53 
F    Gatton 138 59 75 102 70 54 41 97 80 
G    Ipswich 109 31 47 73 41 26 0 69 50 
H    Beaudesert 123 44 57 87 31 39 60 12 57 
I     Gold Coast 125 52 59 89 30 51 69 64 67 
J     Logan 92 16 25 55 16 14 32 50 68 
K    Brisbane 78 18 18 42 28 24 33 62 61 
T
ra
ve
l T
im
e 
 (v
eh
ic
le
-m
in
ut
es
) 
Average  77 55 54 55 57 55 64 85 65 
A    Noosa 52 215 213 124 242 237 253 293 204 
B    Buderim 26 159 156 65 187 183 198 238 152 
C    Caloundra 45 157 153 63 184 179 196 235 152 
D    Caboolture 79 100 96 0 128 122 138 179 105 
E    Redcliffe 113 80 72 40 107 103 119 159 99 
F    Gatton 274 113 152 201 145 117 75 186 158 
G    Ipswich 211 49 89 123 81 53 0 122 91 
H    Beaudesert 238 56 113 166 72 56 109 86 112 
I     Gold Coast 252 101 121 179 56 97 133 48 123 
J     Logan 183 77 51 110 32 23 59 88 78 
K    Brisbane 157 39 59 84 69 49 71 110 80 E
st
im
at
ed
 T
ra
ve
l C
os
t 
 (v
eh
ic
le
-A
us
tr
al
ia
n 
D
ol
la
rs
) 
Average  148 104 116 105 119 111 123 159 125 
 
Similarly the constraint of other demand nodes 
can be developed from Table 2. Combining these 
eleven constraints with the objective function, the 0-
1 IP of each evaluation criteria is obtained. 
The optimal solutions to these IPs are 
summarized as follows: 
For travel distance criteria:    
z = 2, x1 = x2 = 1,  
x3 = x4 = x5 = x6 = x7 = x8 = 0, 
for travel time criteria:           
z = 2, x2 = x4 = 1,  
x1 = x3 = x5 = x6 = x7 = x8 = 0  and                
z = 2, x3 = x4 = 1,  
x1 = x2 = x5 = x6 =  x7 = x8 = 0, 
for travel cost criteria:           
z = 2, x2 = x4 = 1,  
 
x1 = x3 = x5 = x6 = x7 = x8 = 0  and                
z = 2, x4 = x6 = 1,  
x1 = x2 = x3 = x5 =  x7 = x8 = 0. 
Conclusively, sets of candidate sites of {1, 2}, 
{2, 4}, {3, 4}, and {4, 6} will be used in the next 
of evaluation process. 
6 Future Research and Conclusions 
In this section directions for future research as 
well as a number of preliminary conclusions are 
given. 
6.1 Future Research 
The work presented in this paper is currently 
under further development. Evaluation criteria used 
in set covering analysis should also be weighted by 
freight demands of each demand nodes to avoid the 
problem of inequity (considered as a p-median 
problem). A land use allocation and transport  
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Table 3 Proposed Candidate Sites within Evaluation Criteria 
 
Candidate site number which meet the criteria of ID Demand Nodes 
Travel Distance  Travel Time Travel Cost 
A Noosa 1 1,4 1,4 
B Buderim 1,4 1,2,3,4 1,4 
C Caloundra 1,4 1,2,3,4 1,4 
D Caboolture 1,2,3,4,6 1,2,3,4,5,6,7 1,2,3,4,6 
E Redcliffe 1,2,3,4,5,6,7 1,2,3,4,5,6,7 1,2,3,4,5,6,7 
F Gatton 2,7 2,3,5,6,7 2,6,7 
G Ipswich 2,3,5,6,7,8 2,3,4,5,6,7,8 2,3,4,5,6,7,8 
H Beaudesert 2,3,5,6,7,8 2,3,5,6,7,8 2,3,5,6,7,8 
I Gold Coast 2,5,6,8 2,3,5,6,7,8 2,3,5,6,8 
J Logan 2,3,4,5,6,7,8 2,3,4,5,6,7,8 2,3,4,5,6,7,8 
K Brisbane 2,3,4,5,6,7,8 1,2,3,4,5,6,7,8 2,3,4,5,6,7,8 
 
network model will be developed using VISUM™ 
and freight origin destination data from Queensland 
Transport. Interaction with the Repast agent based 
platform has to be implemented. For this the ontology 
has to be extended and a GIS display for agents is 
currently being developed. When the generic building 
blocks have been finished, the experiments proposed 
in Section 4.4.3 can be executed. Results are useful for 
policy makers looking for new ways to evaluate 
different locations and more insight in the decision 
making process and negotiations between the actors. 
6.2 Conclusions 
In this paper we demonstrated how traditional 
optimization techniques and transport models can be 
combined with agent based models to create a flexible 
and versatile model of the decision making and 
negotiations involved in choosing a location for a new 
intermodal freight hub. An initial analysis of the case 
study of the South East Queensland area resulted in a 
number of candidate sites that can be further evaluated 
with regards to the objective functions of the different 
players while a transport model is a powerful tool to 
deal with the dynamic effects of investments in an 
infrastructure. By combining these models together 
experiments can be done and the most desirable 
scenario which maximizes the global optimum can be 
achieved after the negotiations among players with 
potentially conflicting objectives. The approach 
described here is generic and can be applied to the 
decision making process of other (transport) 
infrastructures. 
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